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• 24 year old restrained female driver of a 1995
Saturn SL1

• Heavy damage noted to vehicle, extrication time
of 10 minutes

• Awake, disoriented at the scene
• Complained of left chest wall pain and left

shoulder pain

    Case Summary



• Elevated left hemi-diaphragm suspicious
for diaphragmatic injury

• Exploratory laparotomy revealed grade IV
splenic laceration with associated hemi-
diaphragmatic injury

• Uncomplicated post-operative course

    Case Summary



CRASH  DATA

• CASE VEHICLE              1995 Saturn SL1
• OTHER VEHICLE      1991 Ford Escort
• TIME OF CRASH      10:30 a.m. / Daylight
• ROAD CONDITIONS      Dry / Clear
• SPEED                               30 mph
• AVOIDANCE                    None
• RESTRAINTS                   Lap & Shoulder Belt

                                                 Deployed Airbag



VEHICLE SPECIFICATIONS

• WHEELBASE                            260 cm. / 102 in.
• OVERALL LENGTH                 448 cm. / 176 in.
• OVERALL WIDTH                    172 cm. / 68 in.
• CURB WEIGHT                       1054 kg. / 2324 lb.
• PDOF (PRINCIPAL DIRECTION OF FORCE)       -60 degrees
• CDC (COLLISION DEFORMATION CLASS.)          10LYEW3
• DELTA  V                                    26 km / 16 mph



INTRUSIONS

• LF Door Panel           20 cm. / 8 in.    Lateral
• Left Sill                      20 cm. / 8 in.    Lateral
• Left ‘B’ Pillar             9 cm. / 4 in.      Lateral
• Left Kick Panel          8 cm. / 3 in.      Lateral
• LF Seat Cushion        11 cm. / 4 in.    Lateral
• LF Seatback               11 cm. / 4 in.    Lateral
• LR Door Panel           18 cm. / 7 in.    Lateral



OCCUPANT   CONTACTS

• LEFT DOOR PANEL        Intrusion / Blood
• LF SEATBACK                 Smudged / Hair
• RF SEATBACK                 Hair
• RIGHT ‘B’ PILLAR          Scuffed
• RIGHT REAR ROOF        Hair / Blood











    MAXIMUM 
 CRUSH  = 
29 cm. / 11 in.











MAXIMUM
INTRUSION =
20 cm. / 8 in.



Original Bumper
Height = 32 cm. / 13 in.





Injuries

• Grade IV splenic laceration
• Left diaphragmatic rupture
• Left superior/inferior pubic rami

fracture
• Sacral fracture















• 50 year old restrained male driver of a 1994
Buick Skylark

• Required extrication from vehicle
• Reported to be confused en route

    Case Summary



• PID#6 –ORIF of posterior column, posterior
wall acetabular fracture

• Uncomplicated post operative course
• Discharged on PID # 11

    Case Summary



CRASH  DATA

• CASE VEHICLE                  1994 Buick Skylark
• NON-CASE VEHICLE        1991 Ford Explorer
• TIME OF CRASH                 5:20 p.m. / Daylight
• ROAD CONDITIONS           Dry Asphalt / Clear
• TRAVEL SPEED                   30 mph
• AVOIDANCE                        None
• RESTRAINTS                        Lap & Shoulder Belt



VEHICLE SPECIFICATIONS

1994 Buick Skylark

• WHEELBASE                         263 cm. / 103 in.
• OVERALL LENGTH             480 cm. / 189 in.
• OVERALL WIDTH                171 cm. / 68 in.
• CURB WEIGHT                     1300 kg. / 2865 lb.
• PDOF (Principal Direction of  Force)                    -60 Degrees
• CDC (Collision Deformation Classification)       10LDAW3
• DELTA  V                                 37 km / 23 mph



INTRUSIONS

• LEFT DOOR PANEL        29 cm. / 9 in.       Lateral
• LEFT  ‘B’  PILLAR           38 cm. / 15 in.     Lateral
• LEFT FRONT SILL           12 cm. / 5 in.       Lateral
• LF SEATBACK                  22 cm. / 7 in.       Lateral
• LF ROOF SIDE RAIL        16 cm. / 6 in.       Lateral



OCCUPANT CONTACTS

• LF DOOR PANEL                  Blood

• LEFT  ‘B’  PILLAR                Blood

• CENTER ARMREST             Pushed to Right









MAXIMUM CRUSH = 45cm. / 18 in.







MAXIMUM INTRUSION AT
DOOR PANEL = 20 cm. / 9 in.





• Left acetabular fracture
• Left 9th rib fracture
• Closed head injury with brief loss of

consciousness

Injuries
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BackgroundBackground

•• Seatbelts have been shown to reduce morbiditySeatbelts have been shown to reduce morbidity
and mortality from motor vehicle collisionsand mortality from motor vehicle collisions
((MVCsMVCs).).

•• Seatbelt protects occupant from ejection andSeatbelt protects occupant from ejection and
contact with vehicular components by restrainingcontact with vehicular components by restraining
the occupant at the time of a crash.the occupant at the time of a crash.

•• Does this restraint increase the risk of certainDoes this restraint increase the risk of certain
injuries resulting from intrusion into theinjuries resulting from intrusion into the
occupant’s seating position.occupant’s seating position.



HypothesisHypothesis

Among drivers involved in near side impactsAmong drivers involved in near side impacts
is there an association between seatbelt useis there an association between seatbelt use
and and splenicsplenic injury? injury?

Is this association dependent upon theIs this association dependent upon the
magnitude of vehicle crush and stiffness?magnitude of vehicle crush and stiffness?



Methods – Data SourceMethods – Data Source

National Automotive Sampling SystemNational Automotive Sampling System
(NASS) data, 1996-1998(NASS) data, 1996-1998



Methods - DefinitionsMethods - Definitions
•• DriverDriver

–– Primary role of occupant = driver (cross-checked withPrimary role of occupant = driver (cross-checked with
seating position in driver’s seat)seating position in driver’s seat)

•• Side impactSide impact
–– Deformation location for highest Deformation location for highest ∆∆V V = Left side= Left side
–– Specific location = side center sectionSpecific location = side center section

•• Spleen injurySpleen injury
–– AIS90 codes = 544210.2 through 544288.5AIS90 codes = 544210.2 through 544288.5

•• Seatbelt useSeatbelt use
–– Automatic or manual seatbelt useAutomatic or manual seatbelt use



Methods - DefinitionsMethods - Definitions

•• CrushCrush
–– Maximum amount of crush associated with highest Maximum amount of crush associated with highest ∆∆VV

(left side of vehicle)(left side of vehicle)
–– Two categories: 1-30 cm, 31+ cmTwo categories: 1-30 cm, 31+ cm

•• Vehicle stiffnessVehicle stiffness
–– Vehicle curb weight used a proxy for vehicle stiffnessVehicle curb weight used a proxy for vehicle stiffness
–– Three categories: small (<2,500 lbs.), mid-size (2,500-Three categories: small (<2,500 lbs.), mid-size (2,500-

3,000 lbs.), large (>3,000 lbs.)3,000 lbs.), large (>3,000 lbs.)
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Methods – Study PopulationMethods – Study Population

NASS Data, 1996-1998
(Weighted)

Side Impact
789,497

Driver
10,533,615

Non-driver
5,481,576

Unknown
1,133

All Occupants
16,016,324



73.173.1576,745576,745  Seatbelt use (yes)  Seatbelt use (yes)

23.423.4
29.829.8
46.246.2
0.60.6

184,655184,655
235,482235,482
364,949364,949
4,4094,409

  Weight class  Weight class
     Small (<2,500 lbs.)     Small (<2,500 lbs.)
     Mid-size (2,500-3,000 lbs.)     Mid-size (2,500-3,000 lbs.)
     Large (>3,000 lbs.)     Large (>3,000 lbs.)
     Unknown     Unknown

58.258.2
23.923.9
18.018.0

459,345459,345
188,306188,306
141,846141,846

 Maximum crush (left side) Maximum crush (left side)
     0 - 30 cm     0 - 30 cm
     31- 152 cm     31- 152 cm
     Unknown     Unknown

PercentPercentNumberNumber



16.016.0
8.98.9

3,3993,399
5,1075,107

  Seatbelt use  Seatbelt use
      No      No
      Yes      Yes

11.411.4
12.712.7
9.49.4
0.00.0

2,1092,109
2,9802,980
3,4173,417

00

  Weight class  Weight class
     Small (<2,500 lbs.)     Small (<2,500 lbs.)
     Mid-size (2,500-3,000 lbs.)     Mid-size (2,500-3,000 lbs.)
     Large (>3,000 lbs.)     Large (>3,000 lbs.)
     Unknown     Unknown

5.45.4
26.926.9
6.76.7

2,4942,494
5,0565,056
956956

  Maximum crush (left side)  Maximum crush (left side)
     0 - 30 cm     0 - 30 cm
     31- 152 cm     31- 152 cm
     Unknown     Unknown

Rate*Rate*
NumberNumber

Of Of SplenicSplenic
InjuriesInjuries

*Per 1,000 drivers (in side impacts)*Per 1,000 drivers (in side impacts)



ResultsResults

7.387.38
1.641.64
1.171.17
0.570.57

5,8285,828
1,2981,298
926926
453453

AIS-2AIS-2
AIS-3AIS-3
AIS-4AIS-4
AIS-5AIS-5

10.7710.778,5058,505Spleen injurySpleen injury

Rate*Rate*NumberNumber

*Per 1,000 drivers (in side impacts)*Per 1,000 drivers (in side impacts)



Results – Large VehiclesResults – Large Vehicles
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Results – Mid-Size VehiclesResults – Mid-Size Vehicles
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Results – Small VehiclesResults – Small Vehicles

0.31 9.55 11.8 50.8

0

10

20

30

40

50

60

R
at

e 
(p

er
 1

,0
00

 d
ri

ve
rs

)

1-30 cm 30+ cm

Maximum Crush

Seatbelt - No Seatbelt - Yes



0.90.90.40.426.726.781.781.7   Other   Other

5.35.31.01.08.58.50.00.0   Seatbelt   Seatbelt

93.893.898.798.764.864.818.318.3   Left interior   Left interior

Injury SourceInjury Source

YesYesNoNoYesYesNoNoSeatbelt UseSeatbelt Use

Crush 30+ cmCrush 30+ cmCrush 1-30 cmCrush 1-30 cm

Injury Source – Large VehiclesInjury Source – Large Vehicles



0.00.01.71.70.00.00.00.0   Other   Other

0.00.01.01.07.97.90.00.0   Seatbelt   Seatbelt

100.0100.097.397.392.192.1100.0100.0   Left interior   Left interior

Injury SourceInjury Source

YesYesNoNoYesYesNoNoSeatbelt UseSeatbelt Use

Crush 30+ cmCrush 30+ cmCrush 1-30 cmCrush 1-30 cm

Injury Source – Mid-Size VehiclesInjury Source – Mid-Size Vehicles



0.00.00.00.00.00.00.00.0   Other   Other

12.512.50.00.00.00.00.00.0   Seatbelt   Seatbelt

87.587.5100.0100.0100.0100.0100.0100.0   Left interior   Left interior

Injury SourceInjury Source

YesYesNoNoYesYesNoNoSeatbelt UseSeatbelt Use

Crush 30+ cmCrush 30+ cmCrush 1-30 cmCrush 1-30 cm

Injury Source – Small VehiclesInjury Source – Small Vehicles



ConclusionsConclusions

•• Overall, seatbelt use is associated with a lowerOverall, seatbelt use is associated with a lower
risk of risk of splenic splenic injury in side impacts.injury in side impacts.

•• Seatbelt use in large (stiff) vehicles afforded theSeatbelt use in large (stiff) vehicles afforded the
greatest protection from injury in side impacts.greatest protection from injury in side impacts.

•• Higher index of suspicion for Higher index of suspicion for splenic splenic injuryinjury
among belted drivers in side impact collisionamong belted drivers in side impact collision
involving small vehicles.involving small vehicles.



Biomechanical Response ofBiomechanical Response of
the Pelvis to Side Impactthe Pelvis to Side Impact

•• SurveillanceSurveillance
•• ExperimentalExperimental
•• FEMFEM



Biomechanical Response ofBiomechanical Response of
the Pelvis to Side Impactthe Pelvis to Side Impact

•• SurveillanceSurveillance
•• ExperimentalExperimental
•• FEMFEM



Acetabular Acetabular Fracture Patterns:  AssociationsFracture Patterns:  Associations
with Motor Vehicle Crash Informationwith Motor Vehicle Crash Information

Greg J. Greg J. DakinsDakins, MS, Alan W. , MS, Alan W. EberhardtEberhardt, PhD, Jorge E. , PhD, Jorge E. AlonsoAlonso, MD,, MD,
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Frontal ImpactFrontal Impact

FSA Loading
Fracture

68% of FSA type fractures occurred
in frontal impacts

(p < 0.0008)



Side ImpactSide Impact

GT Loading
Fracture

52% of GT type fractures occurred
in side impacts
(p < 0.0001)



Angled Frontal ImpactAngled Frontal Impact

Off-axis Loading
Fracture

Most off-axis type fractures occurred
in angled frontal impacts  (p = 0.06)



83 Patients83 Patients
41  Females                  42  Males        (32.4 Years)
Frontal -  Males - Trucks
Off Axis  - Females - 2 Doors..

+ + Common Transverse/Posterior Wall
                              30 Fxs.        10 Belted/20 Not Belted
Frontal    10                      2 Doors        13
Off Axis  14                      4 Doors        11
Side             2                      Trucks             6
Ejected          4



ResultsResults: Age: Age

• Range
–  17 to 70

• Mean
– 32.8 years old

• No significant
correlation with
fracture type 0
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ResultsResults: Vehicle Type: Vehicle Type

2 Door cars
• 29 fractures
• Younger drivers
• 57% of side

impacts*

4 Door cars
• 30 fractures
• Higher seatbelt

usage**

Trucks
••    26 fractures
•  No side impacts*
•  50% of the femoral
   shaft axis loading
   fractures**

* = (p < 0.05)



ResultsResults: Gender: Gender

FEMALES
• 41 female subjects
• 46% injured in

2-door cars*
• 63% off-axis

loading fractures**

MALES
• 42 male subjects
• 41% injured in trucks**
• 68% femoral shaft axis

loading fractures**

  * * = (p < 0.05)



ResultsResults: Seat Belt Usage: Seat Belt Usage

• Seated position*
– 56% unrestrained drivers
– 93% unrestrained front

seat passengers

• Unrestrained occupants
more likely to be ejected

• No effect on fracture type

* * = (p < 0.05)

No (61%)

Yes (36%)

Unknown (3%)



Biomechanical Response of
the Pelvis to Side Impact

•• SurveillanceSurveillance
•• ExperimentalExperimental
•• FEMFEM



Biomechanical ResponseBiomechanical Response
 of the Pelvis to Side Impact of the Pelvis to Side Impact

Alan W. Eberhardt, GregAlan W. Eberhardt, Greg Dakin Dakin,,
Ken Mann, JorgeKen Mann, Jorge Alonso Alonso**

Department of Biomedical Engineering, Department of Biomedical Engineering, **Division of SurgeryDivision of Surgery
University of Alabama at BirminghamUniversity of Alabama at Birmingham



OutlineOutline

•• SurveillanceSurveillance
•• Drop Tower Impacts ofDrop Tower Impacts of

Isolated Isolated PelvesPelves
•• Finite Element ModelingFinite Element Modeling
•• ViscoelasticityViscoelasticity of P-S of P-S

and S-I Jointsand S-I Joints
•• Future DirectionsFuture Directions



Drop Tower Impact TestingDrop Tower Impact Testing

Drop Mass

Load Cell

Impactor HeadSpring & Dial Gage

Vertebral Preload
Mechanism



Specimen PreparationSpecimen Preparation

••    Fresh-frozen specimensFresh-frozen specimens

••  Surrounding soft tissue  Surrounding soft tissue
   removed and L4 vertebra   removed and L4 vertebra
   potted in bone cement   potted in bone cement

••  7 mm IR reflective  7 mm IR reflective
   markers placed along   markers placed along
   the pelvic ring   the pelvic ring



Results - Pelvis #63Results - Pelvis #63
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Current EffortsCurrent Efforts
Effects of Load Path on

Fracture Tolerance & Patterns



Iliac Wing Support

25 kg drop mass

Full Support Condition

13 kg drop mass

65% Preload 65% Preload

Previous EffortsPrevious Efforts
•• Two Support ConditionsTwo Support Conditions

–– Drop mass varied to achieve FDrop mass varied to achieve Fmax = max = 5 5 kNkN
–– Affected the Loading RateAffected the Loading Rate

•• 10-20 10-20 msecmsec pulse in cadaver impacts ( pulse in cadaver impacts (VianoViano, 1989, 1989))
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Previous Results: InjuriesPrevious Results: Injuries

Injuries Wing Support:
High Load Rate

Full Support:
Low Load Rate

Rami Fracture 0 5

Acetabular
Fracture 4 0

No Injury 4 1



Biomechanical Response of
the Pelvis to Side Impact

•• SurveillanceSurveillance
•• ExperimentalExperimental
•• FEMFEM



Dynamic FiniteDynamic Finite
ElementElement

SimulationsSimulations

Why experimental support conditions & loadingWhy experimental support conditions & loading
rates result in different fracture types??rates result in different fracture types??



Supports & Loading RatesSupports & Loading Rates

Full
Support

Wing
Support 5 kN Impact force

applied over 1 msec
triangular pulse

5 kN Impact force
applied over 20 msec
triangular pulse



Viewing Orientation



Region behind
the acetabulum

Region of the
superior pubic
ramus
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SummarySummary

•• Support conditions and loading rateSupport conditions and loading rate
affect resulting fracture typeaffect resulting fracture type
•• 1 1 msec msec loading causes transient stressloading causes transient stress

wavewave
•• acetabular acetabular fx fx likelylikely

•• 2020 msec msec loading rate results in essentially loading rate results in essentially
quasistatic quasistatic stressesstresses

•• ramirami  fx fx likelylikely



Mechanical Properties ofMechanical Properties of
the Pubic the Pubic Symphysis Symphysis and Sacroiliac  Jointsand Sacroiliac  Joints

•• Quantify stiffness &Quantify stiffness &
viscoelasticityviscoelasticity

•• Effects of impact onEffects of impact on
joint propertiesjoint properties

•• To obtain structuralTo obtain structural
input for FE modelsinput for FE models



Experiments - PS JointsExperiments - PS Joints

•• Elastic stiffnessElastic stiffness
–– tension, compressiontension, compression
–– A/P & S/I bendingA/P & S/I bending

•• CreepCreep
–– tensiontension

•• Impacted vs.Impacted vs.
non-impactednon-impacted

•• Gender and ageGender and age



Example Results - PS JointExample Results - PS Joint
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Future DirectionsFuture Directions

•• Intervention strategiesIntervention strategies
–– door interiors, energy absorption, airbagsdoor interiors, energy absorption, airbags

•• Contact stress analysis - pressure filmContact stress analysis - pressure film
–– acetabular stresses vs. femoral angleacetabular stresses vs. femoral angle

•• Computational modelingComputational modeling
–– Improve Improve biofidelity biofidelity - incorporate joint stiffness- incorporate joint stiffness
–– 5th percentile female pelvis5th percentile female pelvis


